Infection, for example, Helicobacter pylori (H. pylori), has been thought to play a role in the pathogenesis of type 2 diabetes mellitus (T2DM). Our aim was to determine the role of H. pylori infection in glucose metabolism in an American cohort. We examined data from 4,136 non-Hispanic white (NHW), non-Hispanic black (NHB), and Mexican Americans (MA) aged 18 and over from the NHANES 1999-2000 cohort. We calculated the odds ratios for states of glucose tolerance based on the H. pylori status. We calculated and compared homeostatic model assessment insulin resistance (HOMA-IR) and beta cell function (HOMA-B) in subjects without diabetes based on the H. pylori status. The results were adjusted for age, body mass index (BMI), poverty index, education, alcohol consumption, tobacco use, and physical activity. The H. pylori status was not a risk factor for abnormal glucose tolerance. After adjustment for age and BMI and also adjustment for all covariates, no difference was found in either HOMA-IR or HOMA-B in all ethnic and gender groups except for a marginally significant difference in HOMA-IR in NHB females. H. pylori infection was not a risk factor for abnormal glucose tolerance, nor plays a major role in insulin resistance or beta cell dysfunction.
Introduction
Diabetes has been identified as a risk factor for Helicobacter pylori (H. pylori) infection [1] . Compared to subjects without diabetes, the eradication rate of H. pylori using the standard regimens was less than satisfactory in patients with type 2 diabetes mellitus (T2DM) [2] . Thus, a potential relationship between H. pylori infection and diabetes is highly suspected. Furthermore, diabetes has been acknowledged as an extragastric manifestation of H. pylori infection. Improvement of diabetes with eradication of insulin resistance has been reported after successful treatment of H. pylori infection [3] , although others reported no impact on glycemic control but a significant increase in body mass index after eradication of H. pylori infection from a study of 174 patients with T2DM [4] . These reports suggested a strong interaction between H. pylori infection and T2DM.
Inflammation has been demonstrated to play a major role in the pathogenesis of T2DM and insulin resistance.
Although various causes can lead to inflammation, infection is one of the well-established causes of inflammation. Furthermore, infection has been suspected as a contributing cause among the multifactorial etiologies of T2DM. H. pylori is a gram-negative, spiral-shaped bacterium that is associated with chronic gastritis, peptic ulcer disease, gastric adenocarcinoma, and type B low-grade mucosa-associated lymphoma. H. pylori infection is associated with increased oxidative stress [5] . The importance of the role of oxidative stress in the development of insulin resistance has been well recognized [6] . Furthermore, oxidative stress has been increasingly implicated in the deterioration of pancreatic islet function [7] . Eradication of infection in H. pylori-infected patients improves oxidative stress [8] . Thus, H. pylori infection could play a role in the pathogenesis of T2DM.
To further elucidate the relationship of H. pylori and glucose metabolism, this study examined the data derived from the National Health and Nutrition Examination Survey 2 Scientifica (NHANES) 1999-2000. To our knowledge, this is the very first study that examined the role of H. pylori infection in abnormal glucose tolerance, insulin resistance, and beta cell function in multiple racial/ethnic groups in a much larger sample size than previously reported.
Methods
NHANES is a program of the National Center for Health Statistics (NCHS) that was designed to assess the health and nutritional status of adults and children in the United States. Each year a nationally representative sample of approximately 5000 civilian noninstitutionalized individuals in the United States is surveyed. A complex, stratified, multistage probability cluster sampling design was used with oversampling of non-Hispanic blacks and Hispanics. The survey consists of interviews and physical examinations. The examinations include laboratory tests. We have complied with the recommendations of the Declaration of Helsinki. The study was approved by the Research Ethics Review Board of the National Center for Health Statistics, Center of Disease Control.
Study Cohort.
This study included subjects aged 18 and over with reported H. pylori titer, diabetes status by selfreport, HbA1c, and plasma glucose level. We examined data from 1,949 non-Hispanic white (NHW), 853 non-Hispanic black (NHB), and 1,334 Mexican Americans (MA) from the NHANES 1999-2000 cohort. A subset of subjects with fasting glucose and insulin concentrations were included in the analysis of insulin sensitivity and beta cell function. H. pylori status was only assessed in the NHANES 1999-2000 cohort, but not in before or after this period. 
Status of Glucose
Tolerance. Subjects with known type 1 diabetes were excluded from the study. Diabetes was defined as taking oral diabetic medication(s) or insulin, fasting plasma glucose ≥7.0 mmol/L (126 mg/dL), or HbA1c ≥48 mmol/mol (6.5%). Abnormal glucose tolerance included diabetes as described above, fasting plasma glucose levels between 5.5 and 7.0 mmol/l (100 and 126 mg/dL), and HbA1c between 39 and 46 mmol/mol (5.7% and 6.4%). Normal glucose was defined as not taking any oral diabetic medication or insulin with fasting plasma glucose level <5.5 mmol/l (100 mg/dL) and HbA1c <39 mmol/mol (5.7%).
Assessment of Insulin Sensitivity and Beta Cell Function.
To avoid skewness in insulin sensitivity and beta cell function, we only included the subjects without diabetes who fasted for at least 8 hours and had fasting plasma glucose and insulin levels available. Based on the homeostatic model assessment (HOMA), we calculated IR (HOMA-IR) and beta cell function (HOMA-B) in subjects without diabetes. HOMA-IR was calculated using the equation (fasting insulin in mU/L × fasting glucose mmol/L)/22.5. HOMA-B was calculated using the equation (fasting insulin in mU/L × 20)/(fasting glucose in mmol/L −3.5).
Statistical Analysis. Differences in continuous variables
between the groups of subjects were tested with one-way ANOVA. Differences in proportions were evaluated by a the Chi-square test. Using the Pearson Chi-square test, we calculated the odds ratios for states of glucose tolerance (normal glucose tolerance versus abnormal glucose tolerance, including diabetes) based on the H. pylori status by gender and ethnicity. We also compared HOMA-IR and HOMA-B in subjects without diabetes based on the H. pylori status. The results were adjusted for age and BMI and also for additional covariates, including poverty index, education, alcohol consumption, tobacco use, and physical activity. The poverty index was computed as the ratio of family income versus the poverty threshold set by the Census Bureau. A continuous combined physical activity score expressed in MET-minutes/wk was obtained for each subject based on average level of physical activity each day. A value less than 0.05 was considered significant. SYSTAT 11.0 for Windows package from SPSS, Inc. (Chicago, IL) was used for statistical analysis.
Results
The characteristics of the studied subjects were showed in Table 1 . Females accounted for a little more than 50% in each racial/ethnic group. Mean age ranged from 43 to 50 years old. The seropositive rate for H. pylori was much higher in NHB (54%) and MA (63%) than in NHW (23%, < 0.0001). The prevalence of abnormal glucose tolerance was much higher in NHB (37%) than in NHW and MA (29% and 31%, resp.; < 0.0001). The subjects with positive H. pylori serology were older and had higher HbA1c as compared to those with negative H. pylori serology ( Table 2 ). H. pylori serology status had no impact on BMI with an exception in MA male subjects. Positive H. pylori serology status was associated with abnormal glucose tolerance except in NHB females ( = 0.12) and MA males ( = 0.05) as shown in Tables 2 and 3 (Model 1) . Since the H. pylori positive subjects were older than those with negative serology, we first took into account the impact of age and BMI (Model 2) and then age, body mass index, poverty index, education, alcohol consumption, tobacco use, and physical activity (Model 3). No association of H. pylori serology status with abnormal glucose tolerance was found in both Models 2 and 3.
To further explore the role of H. pylori serology status on glucose metabolism, we compared insulin sensitivity (HOMA-IR) and beta cell function (HOMA-B) in a subset of glucose tolerant subjects who had both fasting plasma (Table 4) . In contrast to a trend of more insulin resistance that was noted in the seropositive subjects than seronegative subjects in most racial/ethnic and gender groups, NHB female and MA female subjects showed a reverse trend. Due to a drastic difference in age between seronegative and seropositive NHB female subjects (37 ± 16 versus 49 ± 19 years old, resp., < 0.001) and a significant correlation of HOMA-IR with age ( = 0.1510, = 0.03), the adjusted difference in HOMA-IR was significant in the NHB female subjects (Table 4) . However, no difference was found after adjustment of covariables in other racial/ethnic groups and genders. Regarding beta cell function, HOMA-B differed only in MA female subjects based on H. pylori status ( = 0.001, Table 5 ). However, after adjustment for age and BMI and also adjustment for age and BMI and also for all covariates, no difference was found in HOMA-B in all racial/ethnic and gender groups. Thus, H. pylori infection was not a risk factor for beta cell dysfunction.
Discussion
In this cross-sectional multiethnic group study, we found that the seropositive rate was much higher in the NHB and MA subjects (54% and 63%, resp.) than in NHW subjects (23%). Our data were consistent with the report of 25% in NHW, 58% in NHB, and 70% in MA from the Multiethnic Study of Atherosclerosis [9] , although the seropositive rate was much lower than 92% in MA from the Sacramento Area Latino Study on Aging [10] . The latter was mainly obtained from a much older population with a mean age of 69 years old compared to a mean age range of 43-50 years old in the present study. As noted, seropositive rate increases with aging in a mixed American population [11] , in a Mexican American population from San Antonio, Texas [12] , and also in an Australian population [13] . Thus, the current sample set is a representative American population.
As compared to other studies, we examined the association of H. pylori serological status with abnormal glucose tolerance, but not with overt T2DM. Insulin resistance and beta cell dysfunction are the two major defects leading to T2DM. It has been well-recognized that these two defects are present in subjects with abnormal glucose tolerance before the development of overt T2DM in both prospective longitudinal and cross-sectional epidemiological studies. Thus, we chose abnormal glucose tolerance as the phenotype in this study. As compared to abnormal glucose tolerance, there were only 422 subjects (11.4%) with overt T2DM and we found no association between H. pylori serological status and overt T2DM in all racial/ethnic and gender groups in this population (data not shown).
Although the current study showed a much higher prevalence of abnormal glucose tolerance in the seropositive subjects in each racial/ethnic and gender group (Table 2) , they were much older. After the consideration of age, BMI, and covariates, the seropositivity of H. pylori was no longer a risk factor of abnormal glucose tolerance (Table 3) . Our results were consistent with the two reports of no association between H. pylori serological status and T2DM from the United States, namely, the Multiethnic Study of Atherosclerosis [9] and the Third National Health and Nutrition Examination Survey [11] . In contrast, the Sacramento Area Latino Study on Aging reported an adjusted hazard ratio of 2.69 for the development of diabetes in the seropositive MA subjects [10] . The main differences in the latter study were as follows: (1) it was a prospective study, (2) a much smaller seronegative sample size (7%, 63 subjects) was identified, and (3) a much older population (60 years or older with a mean age of 69 years old) was enrolled. Contradictory results were also noted from other countries. Most of the positive associations were from the studies with relatively small sample size (<200 subjects) [14] [15] [16] , except for two studies (250 and 420 subjects) [17, 18] , while most of negative association studies were from a much larger sample size (>500 subjects) [19, 20] . Furthermore, based on the histopathological confirmation of H. pylori infection, no association was found between H. pylori infection and T2DM [21] . Eradication of H. pylori infection failed to improve glycemic control in 174 patients with T2DM [4] . Ascertainment of H. pylori infection, small sample size, and selection bias could lead to conflicting results. Thus taking this all into consideration, it is unlikely that H. pylori infection plays a major role in the pathogenesis of T2DM.
The present study showed no association of H. pylori seropositivity with insulin resistance in subjects without diabetes in most racial/ethnic and gender groups (Table 4) , except for the NHB female subjects. In contrast, in the NHB female subjects, H. pylori seropositivity was associated with less insulin resistance, albeit with only marginal significance ( = 0.04) after adjustment for covariates. Association by chance is highly suspected and further confirmation is required. In the three studies from the United States, the serological status of H. pylori had no impact on HOMA-IR as noted in the Sacramento Area Latino Study on Aging [10] , and no impact on fasting insulin concentration (a segregate of insulin resistance) in the Third National Health and Nutrition Examination Survey [11] , while it was not examined in the Multiethnic Study of Atherosclerosis [9] . Thus, no association between H. pylori seropositivity and insulin resistance was found in the United States. Although the conflicting results using HOMA-IR were noted from the other parts of the world and most of the studies were relatively small (<100 subjects), five studies demonstrated a higher HOMA-IR in the H. pylori seropositive subjects than seronegative subjects [22] [23] [24] [25] [26] , while two studies showed no difference in HOMA-IR [27, 28] . In a Japanese population, H. pylori seropositivity was significantly higher in 99 cases with insulin resistance (HOMA-IR ≥2.5) compared with 1008 cases without insulin resistance (HOMA-IR <2.5) [29] . Eradication of insulin resistance after successful treatment of H. pylori infection was reported in one study [3] and improvement of HOMA-IR after eradication of H. pylori infection has been noted in another study [25] . However, no improvement in HOMA-IR was reported by another group [30] after eradication of H. pylori infection. Thus, it is unlikely that H. pylori infection plays a major role in the pathogenesis of insulin resistance. In contrast to insulin resistance, there is only one study on the association of H. pylori serological status with beta cell function. In a study of 288 Chinese men residing in Hong Kong with various states of glucose tolerance, no association was found between H. pylori serological status and beta cell function, based on HOMA-B [28] . However, the H. pylori serological status was associated with postchallenge blood glucose at 30 minutes in this Chinese population. Based on the latter finding, the authors reported an association of H. pylori serological status with beta cell function [28] . In the present study, no difference was found in HOMA-B in all racial/ethnic and gender groups. Thus, H. pylori infection has no impact on beta cell function.
The present study provides some unique complimentary features to two published reports from the United States. In both the Multiethnic Study of Atherosclerosis [9] and the Third National Health and Nutrition Examination Survey [11] , the negative association of H. pylori infection with T2DM was based on the pooled analysis and confirmed by multivariate analysis with the consideration of racial/ethnic groups and gender. As the prevalence of H. pylori infection differs among racial/ethnic groups and genders, we analyzed each group separately and our results are in agreement with these two large scale studies [9, 11] that H. pylori infection does not play a major role in the pathogenesis of T2DM in the United States. We also confirmed that H. pylori infection does not play a major role in insulin resistance in the United States as noted in Third National Health and Nutrition Examination Survey [11] . Furthermore, we provided the first report in the United States of no association of H. pylori infection with beta cell dysfunction. In contrast, H. pylori infection leads to an increased rate of incident diabetes in a prospective cohort study in the United States [10] . As the latter study only enrolled the elder population (60 years or older) and the prevalence of H. pylori infection and T2DM is much higher in the elder population, the role of H. pylori in the pathogenesis of T2DM in the elder population requires confirmation in other elder populations. Results of our analysis, however, do not suggest a major role of H. pylori infection in the pathogenesis of insulin resistance, beta cell dysfunction, and abnormal glucose tolerance in a large United States cohort. Non-Hispanic Blacks NHW:
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